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(54) SEMICONDUCTOR LASER DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a semiconductor 
laser device capable of emitting a plurality of laser 
beams having different wavelengths and bringing the 
optical axes into coincidence with a simple constitution. 
SOLUTION: The blue laser beam of a blue 
semiconductor laser element 9 is emitted from the front 
face of the flue semiconductor element 9. The red laser 
beam of a red semiconductor laser element 1 0 is emitted 
from the front face of the flue semiconductor element 9 
through the waveguide 9a of the element 9. The red 
beam of the element 1 is emitted from the front face of 
the element 9 by passing though the waveguide 10a of 
the element 10 and passing the waveguide 9a of the 
element 9. Thus, the element 9, the element 10 and the 
element 11 are disposed so that the optical axes of the 
elements 9, 10 and 11 coincide. 
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Partial Translation of Japanese Patent Laying-Open No. 2001*185811 

[Abstract] 

[Problem] 

It is desired to provide a semiconductor laser device of a simple 
structure, which is capable of emitting a plurality of laser beams having 
different wavelengths with coincident optical axes. 
[Claim 1] 

A semiconductor laser device comprising a plurality of 
semiconductor laser elements for emitting respective laser beams having 
different wavelengths, wherein said semiconductor laser elements are 
arranged in such a manner that optical axes of the laser beams emitted 
from said semiconductor laser elements are made coincident by passing a 
laser beam emitted from one semiconductor laser element of said plural 
semiconductor laser elements through inside of another semiconductor 
laser element. 
[0020] 

One of a plurality of semiconductor laser elements emits laser 
beams having a relatively short wavelength from its front and rear end 
surfaces, and the laser beam emitted from the rear end surface enters a 
waveguide of a semiconductor laser element for emitting a laser beam 
having a relatively long wavelength. 
[0035] 

According to the present embodiment, when infrared semiconductor 
laser element 11 is in its on-state, an infrared laser beam emitted from the 
front end surface of infrared semiconductor laser element 11 passes 
through waveguide 10a of red semiconductor laser element 10 and 
waveguide 9a of blue semiconductor laser element 9 and exits from the 
front end surface of blue semiconductor laser element 9. Furthermore, 
when red semiconductor laser element 10 is in its on-state, red laser light 
emitted from the front end surface of red semiconductor laser element 10 
passes through waveguide 9a of blue semiconductor laser element 9 and 
exits from the front end surface of blue semiconductor laser element 9. 
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IC N (P£ 1. 5/nn©AlGa I uP,^^ K/I3 2. 
ti.ttfj? $ 0 . 1 /.an ©A 1 G a I n PfgttS 3 3 tf« 

[0 0 4 2] A 1 G a I n P 3 3 ±lc A 1 G a I 
nPJ'^y KJB.3 4#Jfc/&2tu c©AlGaInP^ 

SfW«©J»Sl. 5/£m©¥fflftfts^3ftTfri&. * 
AlGaInP^7«yKI34±{:, U -y^g?© 

p^i35 w&tftetu masrt© A i g a i n p ? 

KM 3 4±45.*U s aaru rvl3 5±IC, J?^3 
/.£ m© GaAs3>^^7 b/i:.* (i/j«^ntt^ 0 
[0 0 4 3] GaAsn>^^ hJH3 6±U(ifp$0. 
5/un©ft{GttS3 7tfJfJfife*#iTl%5o G a A 

[0 0 4 4] 03 (c) IC94-^M&*|4:i/-ir)R71 
l(C*5C^T(i N fg£ 1 9 8/nn0GaAslS4 1± 
tc, 5/m©AlGaAs ? 5 * K»4 2, *> 



tflfflNJI-lcSill (P200t-taS8l IA) 




XWm2 0 . 1 jumOjA IGaAs {fittJH 4 3 MBKJIS 

[0 0 4 5] A 1 GaAsiiSttB4 3±i:AlGaAs 
^7»yKI4 4^Jf^^tu C©A lGaAs^7^ K 
144^X7f>«nt'')7y SP-fc V U ^^gCf^RI 
©B £ l . 5 u m© ^Jn si; wm&z tix u 5 0 £ £ 
AlGaAs^7-y KK 4 4 ±<c, »J .y vStf©±ffik:;* 
h^^ttWPttftft-i-* l xun©afSypy^S4 5 
«SntU5o Kf]PgCl^©AlGaAs^-7^ KJI 
4 4±4>J;^S?%^P-y^JB4 5±*C, ©$3/zm©G 
aAsn>^^7 K^^ntl^o 

[0 0 4 G] GaAszi>77 KM 4 6±tCJiJ^£0. 
5^m©.jgffiK!S4 7 tfffasESATl »£o GaA 
slt64 l©ttffita«J9£ 0 . 5^rn©aSSfii4 8# 

[0 0 4 7] W±(?),^)i:Mt5c>:iaix ^fe4i 
^f*U-^ J F9©St£fflmiffi2 BHAlGalnN? 
v -y KM 2 5 h I n G a N rSffiB 2 4 *:©I?H£T-©JP 

(S3 7 A»6 A 1 G a I n P 7 7>y H|3 4 h A 1 G a I 
nPffit4H3 3 2:©Wro$'?<Z>B3& s 6 xunKfc *k * 
If^l l©*ffl«IS4 7/H&AlGaA 
s^7*y KS4 4 A 1 GaAsrSflEJB4 3 fc©|^ffi^ 
T-©0dA s 6jum(CCc%.. 

[0 0 4 8] *tlizjL\). Wfe*^f*b-if^9. ^ 

e#^f*u— vn* 1 0 43 wis? i 

1^12 {ZTfi L fc .i; o icit 7.7 0>h2±{Ci^ Lfc^ 
I nGaNSttffl2 4, AlGaInPiStti33 
MVAl GaAsrift.84 3©S^tf-a*So 

[0 0 4 9] ^4b\ ^£4--2?f*U"-1fS?9©1f7r>f 
TWSL2 OHAlGa N 7 v ^ KB 23i:InGaN 
(Stt® 2 4 £(D ^ffl * T-©» cF ft 2 0 0 ju m i:«E D . * 
e**l*U— !f*?J 0©AjBSB3 8*H&AlGaI 
nP^7n*|32hAlGaIn PiSttffl 3 3 t®i& 
5?*T-©Jf $3b«2 0 0/unh^0, 3tf^«»U-if3R 
?1 l©SfflmtS3 8i^AlGaAs^7^K142 
i:Al GaAsTgttJB4 3 t©l?ffi$T©BStf 2 0 0 
A4int*:§©T, «6*a|(*u— V*?0, 
U-1f^? 1 0i>.^^H*^(*L/-tf^?l KDV-7 

t ^ TKffi 2 o % mmmm 3 s *> ^^fflmts 4 8 ^it 

^r)> h 2©±ffi(-[i!il5g L A:J8&T'*ott, I nG 
aNStti2 4, AlCial n PrSttJi 3 3 t>itf A 1 
G a A s JSt4a 4 3 ©MS ^-fifo-. 
[0 0 5 0] 0 3i:^t.i:^:, Se^ttw-lf*? 
0iC*i(r%Ttt, I ii G aNriSffiJBI2 4^±T^6^A-^ 
4UCffl#f^©/]^&A J GaN^7j» K/12 3*>J;tfA 
1 Gal nN^7 Kffl2 5 I'RiJitl^o/Jtx A 
1 GaNIS^P -y ^ J£| 2 () tc .t I) ft* t 

h*(C x AlGaN^iTc7p y^ii2 6T©I nGaN 
iSf±« 2 4 ©»«fcx I* 7 i rttMPST© InGaN 



fflBUItl-liSi I I I F 2 0 0 1 - 1 5 5 31 l A) 



(6) 



U-1f^j9^ 5x 7tt©igi£S39 a (Hit 
S3) ^RE^n?.o 
[0 0 5 1] |§)t£{C. U-lfJjH 1 1 

tt< *fi*i»*l/— ITSR^l OKlllllc^Lfc^gjU 
— y-'^i6 J #*-r5^8§ 1 0 ajb«2ft3 0 |5J«tc, 
.**MN«*l/— !f*^ 1 1 VZtaWX 4k A 1 G a A s fS 

1 i a#JFM£ft£o 

[0 0 5 2] b— HUff 1 lO^T^flc, gSt 

-ir m&^mfcv-ym? i oo^ss i o ac 

^*SS1 Oatf^afifi-tSo I/— tr 

#$f*V-1f^9©j!ii£S&9atcig&U agiSlS9a 

c?ft£>o - 

[0053] pimc m&tmfri'—ym? i o ©,6*t 

[0 0 5 4] agi£S59 a, 1 0a, llaffl||^SM$ 
-faiS<4«2 4, 3 3, 4 3©JP£i:. a£i£8§9a, 1 
0 a, 1 1 a©«|^lPl©|g$:^-r5^-7-y KS2 5, 
3 4, 4 4©U •yyg|5©TSg©ti^^mcWe#^rt;b 

&t&%& LT«jgtCaSSt-£fti>o 
[0 0 5 5] g=fc, #fe*#f*U— tfiTPQ, 

tff&^i o*j:w*Jwy»*u— vm=f- 1 1©^ 

«SS9a, 10 a, 1 1 a&ttfi£-f £#«©«$!l?ptite 



f5i^*-J; D«fe3M!*f*l/— f) ©j^iVigaO 
a ©»$d^*Si)'^ § U0T\ b — tf J; O-'^l- b 
— tfftliagiSSS 9 a fcil^feT-iffiiil-t 5 d t tt i ~C » 
5o TOc, ^MNS*u-if* : Fl l7b«6{U<M£ft?> 
^ b — If ^©i^fitcll Mj -f s * ;p .J: !) ^ 
ft I/— if*? 1 0©agij$& 1 0 &oymAWmb>-A$l >© ~ 
^H/-1f^{iagj^K 1 0 a4/J^^ja^-eili§t 

[0 0 5 6] V7-?0> h 2±'N©«feiNII*l'— «f# 
?9> VXTi 04sJ:V*fl¥i*«;i/- 

ITJ*^ 1 1 h 2 ±C0^tfc 

ft. **M#agf*l/ — !f*^l l©M#K*fe#ag(*P- 
1f*? 1 0 £gBB Ln aSW*«(|U— 1 1 <r,£*T 
£it\ IfJU^l 0$jiiBt-CflWliBA>6 

fflS};* ft 5 *H U —if %<DK&t} ftWck t tt i> X o izft 

>f^i 0&fuBi*©f 5 0 fcic, 
aSftb— FUR 1 1 0 > h 2±lCH£Lfc'<fcs 

U—ifjR^l 0©Hij^{Cflfe#ag(tl.— if* 
? 9 &B8 U ftU— tf^ 1 0 *j£*T£-U\ 

«ft#«»i/— if** 9 zmmLTmiftrnfrhitimzn 
zm&v-vKtDKmti&m.xttj: % x *> 

V-lfJSiF 9£ftiB#ittU +)-7-v> h 2±(Cia^-t 
[00 5 7] E34tt*S»(*l'— tf*B 1 ttmWtZttto 

®mz. v—ymmmfe 15, 1 e , 1 7 t;.j;r>'^^ -y 

fSWl, SW2^fii^T^2. 0 aiCl.i^l/-f . 

1 ^iEK-T S pg©.6*T L T n 2. b -if i: 
X-^ ^^-i:©H^i6^^ftTt»«o 

[005 8] 

[SI] 





lHr«Kilaltt15 




i/-re»iatti7 










SW1 


A 


B 




SW2 




A 


B 



[0 0 5 9] tf^9©^y-K (0 3 

©a@miii2 8) tiEi i©wfe#^»u— v-m^mmM 
5 l t u— mmmvi 1 5 tcg^^tu ^ v- h- 
(0 3 ©^fiimffi 2 9 > im 1 ©^ii^is 8 Lxm 

lfe^ftTV^o 5Sfe#^f*b-1f^l 0O7y-K 
(l3 3©afflmiS3 7) ldtHl©aSfiMy»ttl/— IfSR^F 

(@ 3 ©sE«ig 3 8 ) im 1 ©#iamts 8 vxm 



fti»i:*fe#3|[f*b— y--*^ 1 0©ry- Kisp— if SB 
i&lal&l 5tc^$ft % ^-f >yf-SWl*s]g*B(Bltct3 
Dtft^.6>ft5i:*e#^(*b— WW l oory-Kfts 
b— IflEiftiaSS l 6 K«f«$ft5„ 
[0 0 6 0] #»MM«»l/-irjK? 1 107/-H (H 
3©3Rn^;IS4 7) liBl<D'4^PNIfl:)/-1fff?iB* 



SSIBUHI-l-j: I I |P2(0 1 - 1 i 5i I U) 



3 <DMffim,M 4 8 ) nm i ovimwM s hi* l xmm-z 

iiTl>i»o X-f •yfSW2tft!S.iSA|i|-tlJi)M6n5 
ttfJW&fcl'— If*? 1 1®~' ' — KtfW— -ifffi»J0 
831 eKfg^Sfu X-f y^SW*Mg,6B|BltcW0ta 
x^nsk^M^ftu-^*? I. l(DTy-|"^b- 
IfiBWSS 1 7 {cig,feS£ns„ ? th ? W K 3 ©7 

y - h- (mi ommim 4 ) «-t u — y iaamss 1 7 tcjg 

[006 I j II 4 <DH 'Vf SW I tfm&AmiZW ») gi 
* <£> n S h . it ft U - V*? 0 A'' fcTiT 2. t i: 

u -if*?' 1 0 ©tv - 1- 1 u— if ggib 
083 1 5t«ii5„ feWI*!/- >f*? OtfiS 
W-T 5t, 01 ©HS^f* U -+f *? 0 ©j|5*SiiH;S>> 6 
13 l.fc:fclf02©3cEP 1 30/?|ftJ!-»gtl/— tf^aiW 

,U9if$*vfe«feb— uwta 1 ©^w^b-if*? 

1 0©ag&831 0 alcAJH-t*. 

[0 0 6 2] C©t§&, *gi4^l*U— 9"'*? 10[J7 

CT3fcfe¥Sf*U-1f*?l 0i:»i«4tS„ l/- 
IfilKJllSI 1 5ti. *©*«ia'tcBtJl»TH&Ny»f|:i/ 
-If *? 9 5 miftSffltUli- 3 c i: K J; 9 

[0 0 6 3] 04©X-f vfSW lftsff£BflCflNfc3 
*v •yf-SW2fim&Affl0(cfg&£ti*k, * 

!f*^l OA^ri" otitic, ^MMf 
f*b— <f*? 1 1 tl/— tfffiMHB 1 6 t&mmzti 
5n *fe¥j?f*b-1f*? 1 0/)S^«M-5ii, HI©* 
fe#agft:U— tf*? 1 0©iM*iaifflit>>*l2 lffl^fe^f* 
b-1f*?9©alijfit839 afciilBfll-TfcBl 1 3©£[rKC 

U-if*? 9 ©^»83 f) a $iiQ^ L T»fe#a§<* W-1f 

*?9©miifaa3b>?»aiw^nso 0i©*e#g 
**? i o©'^igi!)>6aini5n?E:#feu— tf^t 

ttS^MMPtHz-lf*? 1 1 l©3fW83 1 1 aCAStt 

So 

[00 64] C©Jl-£, if*? 1 1 1*7 

i:T#?(.#igfl:u-if*?i i icot^A'^-rSo b 
-Vm/Umi 6(i. ^©^m<B-aioi.T*fei|iagtt: 
b-1f*? 1 0^$fctzm.i>%-!ti®W*ZZ tic.): 

[0 0 6 5] 04©X-f •y^-SW2/»i»jSB«K:»«td 
iiSt. MM*(* U — if*? I I *> s .&*r*- Zt.tt> 

7.t > K 3 kV— PIMbBtt 1 7 k#]g«£ 

£ft5o HI l©**MNSf*U-1f*? 1 lA'^T-To 
k, EI lC^M^ftU-l^fc? 1 l©BuiSffljb>6l21 1 
©#e#jgttU-1f*? 1 Or;)a@ifi83 1 0 atiXV® 1 
©^ b -If*? 9 © mm 0 a 4 jfiii L T « fe 

i£agftU — tf*?9©H{jiBiiS/j.«r,%91 1 3©£|pJ(.:#?|. 



1f:ifc/» s iH913tiS. *£. HI 1 crrtrJWm&l'— if 

*? 1 1 loamififr&awtettfcftHu— «f^«0 1 © 

[0 0 6 6] c©Jt&, ftttb-vfto^aiafasSbT 

7th K 3 tc*«S6j(»J*4"r So U-lfffii&B] 

831 7 It. *©*«8£U-]i^t.T#n*ill*U-- »f*? 

[0 0 6 7] d5 (a) , (b) (±We*jg(*b— »f* 
? 9 ©j||^©fi©ra'l'ni't»^n>J|{liiBiia-C»So 

[0 0 6 8] 1215 (h) i=^^e#4f*b— tf*?0 

J¥S 1 9 7 . :j um<DQ aNI-tg5 1± 
iC. 0 . 7 xzni© A J. O a N <7 -5 y h"ji 5 2, iJJ; 
VS* 0 . 1 umffj I n 0 a N?Sf±Jl 5 3 

[0 06 9] In C} a N ;nt'4:Ji 5 3 ±!C. A 1 G a I n 
N^^-y KB 5 4/J ! #»it5ii. C© A 1 Ga I nN^7 
•v h'/l 5 4 /j'-Ji ■yfy ^nt 9 v y&Ht.V*) -v vg? 
i^(lffll9$0. 5Ai"© i r-JfiSCi'J^fiESnTl>5o $6 
SC, A 1 G a I n N ^ -y y I- if 5 4 ±(C , »J y ^gf©± 
ifflicpgpgp^fl-rsif 5 0 . 5 x:tin©A lGaNIST' 
P-y?«5.5/)«$ii. fflDSftOAlGal nN^7 
KH5 4±4?J;rfAl GaNTtiTiT-D-y^BS 5± 
izm$ 3 /«m©G aN3 \> 9 '/ b)S5 6 m^^ixX^ 

[0 07 0] GaN3>9 ?|- f§ 5 6 ±tc(±fg$ 2 jum 
ffl.MSi5 7A«3ia-l>o„ Sfc. GaNIfi5 
1 ©Sfflt-Jf ^ 2 jtun©WlM© 5 8 JfcEfc^fiTH 

[0 0 7 1] Z©fc -->■;- 0 5 (a) ©*fe#^(*U- 
+f*?9l±SiSmiS5 8 ^«1-5©T\ S3 (b) ©* 
fe#jg(*b— lf*?l 0Ji.fctfll3 (c) (Dmtwmfc 
V— <f*? 1 1 h|^tt©«^a;4^^5c>:65T-§ 

So 

[0 07 2] 05 (b) !Cjpi-$e#$f*l'-if*?9 
!-*>V^T{t. 1?^ 1 9 5. 3.uin©GaAs£&6 1± 
HS2/iiu0GaN3><'9 hJ^6 2, ©^0. 7 
XtmcOA 1 GaN^-5- y KAS 6 3 . .fc^VJf ^ 0 . 1 p. 
in© I n G a N rSfiJES (i 4 #«FJ(- Jf^nX^ nT ^ 5 o 

[0 07.3] I UGaNiSttBB 4±(C. A 1 Gain 
N-5"7-y I-J16 SlfiWfcgn* C©AlGaI nN^7 
•y h"J16 5 ft:x.yf > y^UT 0 y xgPii,J:tf >J y vgP 

! ■■- . A 1 G a 1 n N 'y v y l-'/ffl 6 5 ±(C , 9 >y i^gii©± 
iiai-WaS6$:-Wto^^ 0 • 5 u 111© A 1 Ga I nNl 
XLzfa -j 6 6 jMfSlilSSti. [SIPSPrt® A 1 G a I n 
KJi 6 5 ±isXVA IGa NmiCi^o vVM 6 
6 ±(cjp 5 3 u m© G a N 3 > f ^ h m 6 7 jb'^fiE^ n 

[0074] GaNrJ>'y7|-)g67 ±(C>9^ 2 jum(D 



-*ffl®fiii)W^nTV<-5o G a A s 6 1© 

[0 0 7 5] C©<fc-5M, 05 (b) ©W£¥3?f*U- 
V *^ 9 (iSSmfS 6 9 ft Iff 5©T\ 03 ( b ) <DjR 
frMHUz-Wl 0 43<twa3 (c) ©a^M^t* 

u— tfjR^ 1 1 tmmoommnm&m^zzt&x-n 

[0 0 7 6] 06tt^Pfl©m2©|USOff^(CiJ{ta 

u - -f cd mfc* m-mattotim® x- & s » 

[0 0 7 7] l2 6©i|M£(*U-if?Ji^7 lKttttTMU 

■y-^vi>>h7 2±c wefj|»;i/-ti ?7 o, * 
s*»i*w— if*^ 8 o a xvmftttmfov— 8 

[0078] 06 (o^mtv-^m.m. 1 1 tm i <o^m 

9, ^fe^afftb-1f^8 0*!j;Z>-^|.#^tt:b-1f 
^8 l^ji®GaAs»tB8 2±tctf5f££HT^£ 

[0 0 7 9] GaAsIS8 2±lC#jfiSf§7 8i>Wf& 
^nttJfJs ^rfr*ji/ h 7 2©±tC(i#fe^f*b- 

■trfc^flimffi 7 5 , i^ir m^mmm i e 43 

So 7 9, *a**»i/— 

&ft**Sfc£6Kmwc#;i©#jim!S7 8ftlTf 

i.o *S^<*U-1f^7 9©^ffl«H(i#fei|iag($ 
b— •f3WH»SS7 SCi^ti, I/— !f* 

?8 o©nfflm®i^e#jg*V— vm=?mm&i etc 

^agf* W -if ^ffl^fis 7 7 tCg&j* ft 5 „ 

[0 0 8 0] ;ftiiatjg7 B«J:tf*frN«ttb-ir«? 

ls-Vm=?7 9#-£*T2:ft #3im@7 84>i;0>'*e^ 
#ftb— if^fflmiS7 6ft:frbT«&£ft3ti?i£KJ; 

o T^e^r* u— >f 8 0 w&xjs ft. &mn® 7 
Bti±v : mtK*mfo\'— vm=fmm,m7 1 ft^t-ceus 
snaitssac J; ot*jm«i»i/- tfsn^ 8 1 #,£*T£ 

ftSo 

[0081] b- 1 1 <D<ki%mm<DV 

?-?<t>>v7 2 ±tc 7 n- h y-f *— k 7 3 &m-t e> tit 

V^. V * h <$M K 7 3 lijStfMygf* b — <f SSI 1 ? 8 

So 

[0082] muzm-tn&^mfci'— V%=F1 0. * 

l/-1fj*F 8 043<tU { iPJWmi#b-ir#* 8 
l©Sai^ftC, jgi£8S7 9a, 8 0 a, 8 1 atfSc*: 
jfifg LT-iiiaK:i2S£ft2> J; o tc[5gt£«>£ fc 



igij£887 9 a, 8 0 a, 8 1 atffcfifcSftSrSti 
I7 9b, 80b, 81 b©i«3 ; * 

©fc#>, VfWs V 7 2±tCi|i*?ftb — (f^7 9, 
8 0, 8 1 SrHZD Wtl>P£!C#aS?f4:u-if^7 9 , 8 
0, 8 IffiftE&ttflSTSfc&So LtibT, 
£f*u-if*^7 9, $&mM*u— y«^8 O-fcJitf- 
#?Mtia£ft u —if ^7- 8 1 6 {Ml £ ft i> flf b — V 
#S b - ifjfcfc cfctf^W U-lf ^©^$ii©-S4fSl8 

[0 0 8 3] El 4 (C^-T b-if|Ki»j|plsa 15-17 is.* 
^•yf-SWl, S VV 2 <£ 3aS<We]l&6 s n£5#jg 

5pe#^r*u-if^8 ojo.tt># 
e^^ft u -if 7 9 ©.^Tu#(c(.t. n &^mt \s - 

if^7 QcDKtWJfrB&mm^— 0(C«£ 
u -if ^T- 8 0 ©,&*TB#(.:ii. 8 

^8 1 ©,^T0#tc(i, #J|-#28ftU-if^8 l ©^ffl 

K7 3tc^-rs^mviatcso'i.T 

[00 8 4] ^HSS©^©i#.agf* b— 7 1 
Wi, 1 ©H*S©^©#if (*u-if-^@ l hlnitt 

KT, b -If Jje^ 7 9 ©it*J±lCS7t^^ £K 

4tii©^^{c.t ? X, 

f*b-ifm^7 g^eaiS^ni-ffeu-ifTt. 
aif^b -if ^ 8 o ns *e i>— !f**>* 

^*^f*t—if^8 1 ^eaiw^ns^i-b-if^ 

©§^RjfiE(-^5.<, riiCt^ #jSf*b--"f-^il* 

[0 0 8 5] *fe**(*l/-V3]S^7 9©*£Wfc 

^ b >X©^cW> ^-St^il- 5 C iUCt !J . 
f4: u -if 8 0 ©^tWti J; tf $n^9fl: U -if 8 

1 >x©3twt-g($-u-'a c >i/js-e 2 

b -1f *4s J:V*» U -if *©iRa£ftti»rc- 
#> Hfeb-lf^ *feU-Hf^.fecfc^HU— «f*& 
S^^FtC ioT ^^/l^tC^m L t £© S /N It ft 

[ 0 0 8 6 ] iklZ , H8& .i t>'0 9 ftffl (, . X 0 7 tC^-T 

(a) ~ (e) 4b-J;lh-|a9 (f) ~ (j) «H7©#i» 

[0 0 8 7 ] 08 (a) iC^*r.J:oiC % GaAs»8 

2 0±BSa)ot 3 0-^)$fiip.lc : S:^^-'C S i 0-j 838 4 ft 
vx^tltMt^o ifcK. 138 (b).KSWJ;* 
tC N GaAslS'8 O0±if5<Dot>S i Oi )K8 4«C,t 



WSJS. ? J«I-I:5:II IPJHI-liSSIIA) 



(5) 



u wm* nx u«c ^mmzn&^&it u -if *? 1 9 & 

[0 0 8 8] GaAs*|g8 2±«SiOj JS*8 4£P£ 
*Lfc't£. 08 (c) IC^-r.J;-5«-. GaAs®&8 2 
©±@© -5 £ -gi5©$P.Js!24(^t, .X n&^mt is-vm? 

7 O^flo.-idlcS i O;, l|§8 S^vx^hbtiBtt 
5„ 08 (d) (C^-t,totc, GaAs£ttg8 2©±ffl 
©o*3S i Oj gg8 5tC.t OHm^nxO'ttV^MtC^ 
*M|ijgf*U— tf*?8 l&Bf&f*., 

[0 0 8 9] S i O2 I8 5iriSLt'^ 08 (e) 
LZni-t X o G a A s ©IS 8 2 WgSaiiHSPfc^XWfe 
^jgf* u — y ^ 7 9 .1> £ Vft9M£l!Pfl: b -If*? 8 1 
Sffl^ .Ho^S i 0 2 H8 6frTX^i;L«f5„ 
09 (f) izm-rmiz, GaAsli8 2©±B©o 
*>SiO$ $8 6X-tefflSnxi><cC>?RJs«C, 
ft b— tf *? 8 0 SfcfiJt^- i. .. 
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